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Abstract 
Olde Venterink H. and Vittoz P. 2008. Biomass production of the last remaining fen with Saxifraga 
hirculus in Switzerland is controlled by nitrogen availability. Bot. Helv. xxx: xx-xx 
For conservation management of endangered plants it is important to know which nutrient(s) 
control growth of the vegetation, because maintenance of low nitrogen (N), phosphorus (P) or 
potassium (K) availability requires different management measures. The aim of this study was to 
determine the type of nutrient limitation for the vegetation in the last remaining site with Saxifraga 
hirculus in Switzerland, using nutrient ratios in the aboveground vegetation as an indicator. We made 
vegetation relevees, collected biomass of the vascular plants, and took soil samples in three plots at 
this site. The biomass was very low (152-231 g m-2), and all three plots were clearly N-limited with 
N:P ratios of 7-8. Soil extractable N concentrations were generally low, and P and K concentrations 
were moderate to high, which was consistent with the indicated N limitation. Hence conservation 
management first of all needs to prevent N-enrichment, and needs to avoid increased mineralization 
rates through drainage, or the accumulation of N in the system from atmospheric deposition. Therefore 
N output seems required through for instance grazing or mowing. The current grazing management 
seems to function well, since total aboveground biomass is very low and S. hirculus has a high 
abundance in this last remnant. 
Key words: Endangered plant, fen, nutrient limitation, N:P stoichiometry, red list species, 
wetland. 
 
 
Introduction 
Saxifraga hirculus L. is one of the rarest and most endangered plant species of western and 
central Europe. It got extinct in many European countries such as Austria, Germany and The 
Netherlands (Weeda et al. 1985, Vittoz et al. 2006). It occurs at only one site in Switzerland, a few 
sites in France, Ireland, England and Scotland, and has its main occurrence in Scandinavia, Poland, the 
Baltic countries and Russia (Vittoz et al. 2006). The Swiss site is of international importance for 
conservation because of its isolated position in Central Europe and its relatively large population 
(Welch 2002; Broennimann et al. 2005; Eggenberg and Landolt 2006; Vittoz et al. 2006). Partly 
because it is so rare, we know little about the habitat requirements of this species, but sites where it is 
still found have a stable water table close to the soil surface and a neutral to slightly acid pH (Vittoz et 
al. 2006).  
Endangered plant species in European and Canadian wetlands have only been observed in 
sites with a low aboveground biomass of vascular plants (< 600 g m-2; Moore et al. 1989; Wheeler and 
Shaw 1991; Wassen et al. 2005).  Hence, besides direct habitat destruction, the loss of endangered 
species is likely to be related to nutrient enrichment and productivity increase (Bollens et al. 2001; 
Olde Venterink et al. 2001). Particularly N enrichment is widely thought to be a major cause for the 
loss of plant species from temperate terrestrial ecosystems. This view is based on a widespread 
increase in atmospheric N deposition (Galloway et al. 2004), and the results from field surveys and 
experiments showing that species richness correlates negatively to N enrichment (Bobbink et al. 1998; 
Stevens et al. 2004).  
Olde Venterink et al. (2003) and Wassen et al. (2005) analysed the occurrence of endangered 
species at a large number of sites in herbaceous grasslands and wetlands along a N-deposition gradient 
in Eurasia (The Netherlands, Belgium, Poland, Siberia). They observed that many endangered species 
persisted better at sites where P was growth-limiting than at sites where N was limiting, and concluded 
that P enrichment has been at least as important as N enrichment for species loss in these ecosystems. 
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S. hirculus occurred at five of the 274 sites of Wassen et al.  (2005): one N-limited site in the Biebrza 
valley in Poland, one N-limited site in a wetland in Siberia, and three sites in a N&P co-limited or P-
limited wetland in the same area in Siberia.  
Since the maintenance of N-limited or P-limited ecosystems requires different management 
approaches (Verhoeven et al. 1996; Olde Venterink et al. 2002b; Davidson and Howarth 2007) it is 
essential to understand relationships between endangered plants and the type of nutrient limitation. 
The aim of this study was to determine the type of nutrient limitation for the vegetation in the last 
remaining site of S. hirculus in Switzerland, using nutrient ratios in the aboveground vegetation as an 
indication.  
 
Materials and Methods 
The wetland Sèche de Gimel is located in the Jura Mountains, next to the col du Marchairuz 
(1310 m a.s.l.). It lays in a small valley, surrounded by wooded pastures, and offers a large diversity of 
ecological conditions (from basic fens to raised bog; Christe et al. 1990). S. hirculus populations are in 
the wettest parts, classified as Caricion lasiocarpae (Delarze and Gonseth 2008). The wetland is 
occasionally lightly grazed by young bovines, but the spots with S. hirculus had not been grazed yet 
during the growing season in which we took samples. A more complete description of the site is given 
in Vittoz et al. (2006).   
For this study, the composition of the vascular plant community was recorded on 18 August 
2006 in three 2x2 m plots in dense S. hirculus populations. The plots were distributed along a 222 m-
long line, with 87 and 147 m between the plots. The plant nomenclature of the Swiss site follows 
Lauber and Wagner (2000) and the cover was estimated with the Braun-Blanquet (1964) scale. The 
same day, the vegetation was cut down to 1-2 cm above soil surface using 50x50 cm frames (three 
subplots per 2x2 m plot). Dry weight of the biomass of each subplot sample was determined after 
drying for 72 hours at 70º C. Biomass samples were ground and analysed for N and P concentrations 
after Kjeldahl digestion. Total N and P concentrations in the digests were measured by means of a 
continuous flow injection analyser (FIAStar, Foss Tecator, Höganäs, Sweden). A second subsample 
was extracted with 0.5 M HCl and analysed on K concentrations, using atomic absorption 
spectrometry (Hunt 1982) (SPECTRAA 240 FS, Varian AG, Zug, Switzerland). We used the critical 
values of Olde Venterink et al. (2003) to determine the type of nutrient limitation, i.e.:  N-limitation if 
N:P < 14.5 and N:K < 2.1; P- or N&P co-limitation if N:P > 14.5 and K:P > 3.4; K- or N&K co-
limitation if N:K > 2.1 and K:P < 3.4. 
Additionally, we collected soil samples at the three plots, on 17 September 2008. As described 
in Vittoz et al. (2006), the site has a microrelief with S. hirculus growing on c. 10 cm high mounds. 
Per plot, we took five samples of the soil in mounds just below the moss layer (c. 5 cm depth), and 
combined them to a mixed sample. Also, we took five samples in the hollows between the mounds (0-
10 cm depth) and mixed them. The samples had a diameter of 4-5 cm and were taken with a sharp 
knife. Extractable NO3 and NH4, as well as pH-KCl, were determined after extraction with 0.2 M KCl, 
extractable PO4 with NaCO3 (Olsen), and extractable K with CH3COONH4. All extractions were 
carried out on a shaking machine for an hour. Chemical analyses of N and K compounds in the 
extraction fluids were determined as in the Kjeldahl digests, P was measured on a photospetcrometer 
(Uvi light XT2, Secomam, Domont, France). pH-water was measured in 50 ml distilled water 24 hours 
after 20 g fresh soil was added. The pH was measured with a 744 pH-meter (Metrohm, Herisau, 
Switzerland) after stirring. 
 
Results 
In all three Swiss plots, Saxifraga hirculus was a dominant species. Other species with a high 
cover were Carex diandra, Carex rostrata, Potentilla palustris, and in some plots Carex limosa, 
Caltha palustris or Valeriana dioica. Noteworthy, two other Red List species and two potentially 
threatened species occurred in these three plots (Tab. 1). Eighteen species of the Swiss site also 
occurred in the Polish and Russian sites (Tab. 1). 
Aboveground biomass of vascular plants at the Swiss site was low with 152-231 g m-2 (Tab. 
2). Tissue nutrient concentrations of the aboveground biomass were 13.3-15.1 mg N, 1.81-2.15 mg P, 
13.4-16.3 mg K per g biomass. The corresponding N:P ratio of 7.0-8.1, N:K of 0.8-1.1, and K:P ratio 
of 6.6-8.9 clearly indicate N-limitation. This also holds for the Polish site and site 1 from Russia, 
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whereas sites 2-4 from Russia had higher N:P ratios (Tab. 2).   
Soil extractable N concentrations as well as the NH4:NO3 ratio were generally low in the 
Swiss plots, except for one higher NH4 value (Tab. 2). In mounds, where S. hirculus is rooting, NH4 
concentrations were below the detection limit (< 1 mg NH4-N kg-1). In contrast, extractable P 
concentrations (209–450 mg kg-1) and K concentrations (364–1486 mg kg-1) were rather high (Tab. 2). 
The Swiss, Polish and Russian sites all had a pH close to neutral. The pH as well as P and K 
concentrations tended to be higher in the mounds than in the hollows (Tab. 2).  
 
Discussion  
Biomass production of the last vegetation containing Saxifraga hirculus in Switzerland was 
clearly N-limited. Hence, conservation management should first of all focus on measurements 
preventing N-enrichment. Particularly manure or mineral fertilization should be avoided, as well as 
drainage since drainage of wetlands often stimulates N mineralization and N availability (Grootjans et 
al. 1985; Laine et al. 1995; Olde Venterink et al. 2002a). Another major N input source in Swiss fens, 
however, is atmospheric deposition (15-30 kg N ha yr-1 in the Jura; BUWAL 2005) which can only 
marginally be controlled by local management.  
The tissue nutrient concentrations of the Swiss site were very similar to those of the Polish site 
and one of the Russian sites (site 1). All had relatively high P concentrations and had N:P ratios far 
below the threshold of 14.5 (Tab. 2), so they were clearly N-limited. The other Russian sites had 
slightly lower N concentrations, but clearly lower P concentrations, resulting in higher N:P ratios. 
These N:P ratios, far above 14.5, indicate that N and P could be co-limiting, or P could be limiting. 
Ohlson (1988) determined tissue nutrient concentrations in S. hirculus and co-occurring species in 
seven Swedish mires. Due to relatively low N and high P concentrations, all species had average N:P 
ratios below 10, indicating N-limitation. S. hirculus had a lower N:P ratio than its competitors. S. 
hirculus is a clear example that not all endangered plant species of wetlands persist better at P-limited 
conditions. Also in Wassen et al. (2005), there were 1-3 endangered species that persisted better at N-
limited sites (4-16% of the evaluated species), 0-2 species at NP co-limited sites (0-20%), and up to 11 
species that had no preference (0-47%) with variation in species numbers among areas.  
The above biomass of the vascular plants was consistently low (150-300 g m-2) among the 
Swiss, Polish and Russian sites with S. hirculus (Tab. 2), as well as a fen in Scotland containing S. 
hirculus (Welch and Rawes 1964). Maintaining a low biomass is decisive for endangered species 
(Wassen et al. 2005). To keep the biomass low at the Swiss site, with an atmospheric N deposition of 
15-30 kg N ha y-1 (BUWAL 2005), it seems necessary to apply grazing or mowing. The site is lightly 
grazed by young bovines which apears to have a positive influence on S. hirculus performance by 
reducing the competition by Carex species (Vittoz et al. 2006). Studies in Scotland and Sweden also 
showed that low intensity grazing or annual haymaking had a positive influence on populations of S. 
hirculus (Welch and Rawes 1964; Ohlson 1986, 1989). The Polish and Russian sites are not managed 
and only grazed by wild herbivores, but this may be only possible because of the lower N deposition 
rates in these areas (5-10 and <5 kg N ha-1y-1 respectively; Wassen et al. 2005). It should, however, be 
realized that grazing or hay-making may cause a shift from N to P or K limitation in the long-tem 
(Olde Venterink et al. 2002b), and consequences of such a shift for vegetation composition are unclear 
(Güsewell 2004). 
Recently, Kleijn et al. (2008) compared peat water quality of heathlands and acid grasslands 
with endangered species with that of comparable sites with only common species. They found that the 
water quality differed mainly with respect to NH4 concentration and the  NH4:NO3 ratio. Endangered 
species did not occur at sites with a high NH4 concentration or a high NH4:NO3 ratio. Our results of the 
Swiss site are consistent with this pattern: NH4, NO3 and their ratio, are in the range for rare species of 
Kleijn et al. (2008). However, Ohlson (1988) found clearly higher NH4 concentrations, but low NO3 
concentrations, for Swedish mires with S. hirculus. We note that NH4 may particularly become toxic at 
acid conditions (Lucassen et al. 2002; van den Berg et al. 2005), and therefore NH4 toxicity is not 
likely to take place at the neutral soils where S. hirculus occurs (Tab. 2). 
Soil extractable P concentrations were higher in the Swiss site than in the Swedish sites of 
Ohlson (1988), but K concentrations were similar (Swedish sites: 500-2100 mg K kg-1 and <10-210 
mg P kg-1). Compared to other fens (Bollens et al. 2001; Olde Venterink et al. 2001), both P and K 
concentrations were rather high, which supports that N is growth-limiting. It is worth mentioning that, 
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due to a very low bulk density in the Swiss site, concentrations of all three nutrients will be relatively 
low when calculated per soil volume. 
Högbom and Ohlson (1991) found that S. hirculus had a higher nitrate reductase activity than 
Carex rostrata and concluded that this may be a competitive advantage when pulses of nitrate are 
released. However, in Swedish mires the main competitors for S. hirculus, in particular C. rostrata, 
responded much stronger to differences in soil N (mainly available as ammonium), P and K 
concentrations than S. hirculus (Ohlson 1986, 1988). Hence, it can be expected that an increased 
availability of the limiting nutrient (N in the Swiss site) will particularly benefit the competing Carex 
species and likely harm S. hirculus.  
Vittoz et al. (2006) suggested some possibilities to conserve and restore S. hirculus 
populations (grazing, mowing, reintroduction, management of soil surface). The results of the present 
study confirm that a low aboveground biomass and a low availability of particularly nitrogen are 
important and ought to be considered in the context of pasture management and before reintroduction 
trials. We note that besides S. hirculus, the Swiss, Polish and Russian sites contained many species 
that are endangered in Switzerland or other Western European countries (Tab. 1). This indicates that 
restoration or recreation of habitat conditions that might harbour S. hirculus (e.g. constant high water 
table, neutral pH and low N availability) are likely favourable for other endangered wetland plants as 
well.  
 
 
Résumé  
Pour améliorer la protection des plantes menacées, il est important de connaître quel(s) 
nutriment(s) limite(nt) la croissance de la végétation. En effet, le maintien d'une faible teneur en azote 
(N), en phosphore (P) ou en potassium (K) nécessite des mesures de gestion différentes. Le but de 
cette étude était d'identifier quel nutriment est limitant dans le marais hébergeant la dernière 
population suisse de Saxifraga hirculus, en utilisant comme indicateur le rapport entre les différents 
nutriments mesurés dans les plantes. Nous avons effectué des relevés floristiques et collecté la 
biomasse aérienne des plantes vasculaires et des échantillons de sols dans trois parcelles contenant S. 
hirculus. La biomasse était très basse (152-231 g m-2) et les trois sites étaient clairement limités par N, 
avec un rapport N:P de 7-8. Les concentrations de N échangeable étaient généralement basses, alors 
que les concentrations de P biodisponible et K échangeable étaient moyennes à hautes, ce qui est 
cohérent avec une végétation limitée par N. Pour conserver S. hirculus, il est donc important d'éviter 
un apport de fertilisants azotés dans le marais, de ne pas favoriser la minéralisation de la tourbe par 
drainage et de limiter l'accumulation de l'azote provenant de la pollution atmosphérique. De ce fait, la 
pâture ou la fauche peuvent être recommandées pour en retirer une partie. La gestion actuelle du 
marais, avec pâturage extensif, semble être idéale car la biomasse aérienne des plantes vasculaires est 
très faible et S. hirculus est abondant dans sa dernière station.  
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Tab. 1. Composition of vascular plant community of the last remaining vegetation with Saxifraga 
hirculus in Switzerland (three 2x2 m plots at one site), as well as corresponding values from sites with 
S. hirculus in Poland and Russia. The Polish site was recorded in 1987, it was located in a dwarf shrub 
community Betuletum humilis (Wassen et al. 1990). The Russian sites were located in the valley of the 
Ob river in Siberia (Schipper et al. 2007) in a Carex lasiocarpa – Parnassia palustris community 
(Tanneberger and Hahne 2003). Site 1 was recorded in 2001, sites 2, 3 and 4 were recorded in 2003. 
Vegetation cover is shown as percentage of soil surface and plant cover is estimated with the Braun-
Blanquet (1964). Cover: r, rare; +, <1%; 1, 1-5%; 2, 5-25%; 3, 25-50%. x, species was present but 
data on cover is not available. ‘-‘ value was not determined. 
 
Switzerland Poland Russia  
Plot A Plot B Plot C Site 1 Site 1 Site 2 Site 3 Site 4 
Cover herb layer (%) 
Cover bryophyte layer (%) 
No. vascular plants 
No. vasc. plants on the Swiss 
Red List 
No. bryophytes 
 
Saxifraga hirculus2 
Carex diandra3 
Carex rostrata 
Potentilla palustris 
Euphrasia montana 
Epilobium palustre 
Dactylorhiza incarnata4 
Agrostis stolonifera  
Cardamine pratensis 
Eriophorum angustifolium 
Poa pratensis 
Carex nigra 
Galium palustre 
Caltha palustris 
Carex limosa4 
Rumex acetosa 
Valeriana dioica 
Eleocharis quinqueflora 
Silene flos-cuculi 
Swertia perennis4 
Carex davalliana  
Equisetum fluviatile 
Parnassia palustris 
Succisa pratensis 
Blysmus compressus 
Galium uliginosum 
Sagina nodosa3 
Festuca rubra 
Betula humilis1 
Salix cinerea 
Salix pentandra4 
Salix repens4 
Calamagrostis stricta 
Carex appropinquata 
Cirsium palustre 
Filipendula ulmaria 
80 
60 
23 
2 
- 
 
2 
+ 
2 
1 
1 
+ 
+ 
+ 
+ 
+ 
r 
+ 
+ 
2 
+ 
 
2 
1 
1 
1 
+ 
r 
+ 
+ 
 
 
70 
85 
18 
3 
- 
 
2 
3 
+ 
2 
+ 
1 
r 
+ 
+ 
+ 
r 
+ 
+ 
 
 
1 
 
 
 
 
 
 
 
 
+ 
+ 
+ 
r 
75 
95 
14 
2 
- 
 
2 
2 
1 
2 
+ 
+ 
1 
+ 
r 
+ 
+ 
 
 
1 
2 
+ 
 
 
65 
50 
25 
5 
7 
 
r 
 
1 
1 
 
 
 
 
 
 
+ 
 
 
r 
 
 
 
 
+ 
 
 
1 
+ 
 
 
+ 
 
1 
2 
2 
+ 
1 
r 
3 
r 
+ 
+ 
50 
70 
23 
6 
4 
 
2 
2 
 
 
 
2 
 
 
1 
+ 
+ 
 
1 
 
2 
1 
 
 
 
 
 
 
2 
 
 
2 
 
 
 
 
 
 
+ 
 
 
 
 
35 
90 
21 
4 
≥ 2 
 
x 
x 
 
x 
 
 
 
x 
 
 
x 
 
x 
 
x 
x 
 
 
 
 
 
x 
x 
 
 
x 
 
 
 
 
 
 
 
 
 
 
 
60 
35 
27 
8 
≥ 2 
 
x 
x 
x 
x 
 
 
 
 
 
 
x 
 
x 
 
x 
x 
 
 
 
 
 
 
x 
 
 
x 
 
 
 
 
 
 
 
 
 
 
 
- 
- 
24 
5 
≥ 2 
 
x 
x 
x 
x 
 
 
 
x 
 
 
x 
 
x 
 
x 
x 
 
 
 
 
 
 
x 
 
 
x 
 
 
 
 
 
 
x 
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Lysimachia thyrsiflora3 
Lythrum salicaria 
Menyanthes trifoliata 
Myosotis palustris 
Oxycoccus palustris4 
Ranunculus lingua3 
Stellaria palustris1 
Epipactis palustris 
Carex chordoriza3 
Stellaria crassifolia 
Naumburgia thyrsiflora 
Cicuta virosa/tenuifolia2 
Agrostis gigantea 
Triglochin maritimum 
Herminium monorchis4 
Eriophorum gracile2 
Liparis loeselii3 
Agrostis canina4 
Carex dissica 
Carex lasiocarpa4 
Epilobium fungi 
Peucedanum palustre4 
Pedicularis palustris 
Utricularia intermedia2 
Orchis incorvatia 
Triglochin palustre 
Thelypteris palustris3 
Carex triculca 
Hydrocharis morsus-rana2 
Lemna minor 
Lycopus sp. 
Typha angustifolia4 
+ 
2 
r 
2 
r 
r 
 
 
 
 
 
 
2 
2 
2 
1 
1 
1 
1 
1 
+ 
+ 
 
x 
 
 
 
 
 
x 
 
 
 
 
 
 
 
 
x 
x 
x 
x 
x 
 
 
x 
x 
x 
 
 
 
 
 
 
x 
 
 
 
 
 
x 
 
 
x 
 
 
 
x 
 
x 
x 
x 
x 
x 
x 
x 
 
 
x 
x 
x 
x 
x 
x 
 
x 
 
 
 
 
 
x 
 
 
 
 
 
 
x 
 
x 
x 
x 
x 
x 
x 
x 
x 
x 
 
Status according to the Swiss Red list (Moser et al. 2002): 1extinction threatened, 2strongly endangered, 
3vulnarable, 4not on the Red List but indicated as potentially threatened. 
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Tab. 2. Total aboveground biomass of vascular plants, and nutrient concentrations and ratios in it, in 
the sites with Saxifraga hirculus of Table 1.  For the Polish and Russian sites also bryophyte biomass 
is shown. Vegetation data from three plots at the Swiss site are means ±  S.E. (n=3), soil data from 
these plots are from one mixed sample of 5 sub-samples per plot. Data from Poland and Russia are 
from Wassen et al.  (2005). The biomass was still fully fresh by the time sampling; all could be 
considered as living. ‘-‘ value was not determined. 
 
Switzerland  Poland Russia  
Plot A Plot B Plot C Site 1 Site 1 Site 2 Site 3 Site 4
Vegetation 
Biomass (g m-2) 
   Vascular plants 
   Bryophytes 
 
N (mg g-1) 
P (mg g-1) 
K (mg g-1) 
N:P ratio 
N:K ratio 
K:P ratio 
 
 
231 ± 15 
- 
 
13.3 ± 0.4 
1.8 ± 0.1 
16.3 ± 0.9 
7.3 ± 0.3 
  0.8 ± 0.1 
  8.9 ± 0.8 
152 ± 23
-
15.1 ± 0.6
2.2 ± 0.1
14.1 ± 0.5
7.0 ± 0.2
  1.1 ± 0.0
  6.6 ± 0.3
153 ± 12
-
14.5 ± 0.4
1.8 ± 0.1
13.4 ± 1.1
8.1 ± 0.3
  1.1 ± 0.1
  7.4 ± 0.3
176
480
15.3
2.0
12.5
7.7
1.2
6.3
191
-
16.1
1.6
13.8
10.1
1.2
8.6
 
 
173 
93 
 
12.6 
0.9 
24.1 
14.5 
0.5 
27.7 
 
 
287 
34 
 
13.5 
0.9 
24.7 
14.9 
0.6 
27.3 
217
21
11.6
0.7
18.2
17.7
0.6
27.7
 
Soil1 
Extr. NO3-N (mg kg-1) 
Extr. NH4-N (mg kg-1) 
NH4:NO3 ratio 
Extr. P (mg kg-1) 
Extr. K (mg kg-1) 
pH- KCl 
pH-water2 
 
M 
0.4 
< 1 
< 2 
450 
1486 
7.1 
7.5 
 
H 
0.9 
1.8 
2.0 
370 
863 
5.9 
6.7 
 
M 
0.7 
< 1 
< 2 
317 
933 
7.2 
7.6 
 
H 
0.7 
12.7 
19.3 
209 
364 
6.0 
6.8 
 
M 
0.8 
< 1 
< 2 
319 
1081
6.8 
7.4 
 
H 
0.3 
< 1 
< 2 
289 
582 
6.3 
7.4 
 
H 
- 
- 
- 
- 
- 
- 
6.8 
 
H 
- 
- 
- 
- 
- 
- 
7.0 
 
H 
- 
- 
- 
- 
- 
- 
7.0 
 
H 
- 
- 
- 
- 
- 
- 
7.1 
 
H 
- 
- 
- 
- 
- 
- 
7.2 
1 M = mound, H = hollow 
2 In the Swiss site, pH was measured in soil extracted with water; in the Polish and Russian sites, pH was 
measured in a water sample collected from the top soil. 
